ABSTRACT This paper shows that in Porphyridium cruentum and in Chlorella pyrenoidosa (but apparently not in Anacystis nidulans) "extreme red" light (> 720 m,) can inhibit photosynthesis produced by "far red" light (up to 720 m,u). From the action spectrum of this phenomenon, it appears that an unknown pigment with an absorption band around 745 mju must be responsible for it.
INTRODUCTION
It was shown in preceding papers (9, 10) that when the unicellular red alga Porphyridium cruentum is illuminated with light filtered through a sufficiently dense aqueous solution of mixed phycobilins (filter PB-95), no photosynthesis can be observed.' However, the addition of orange supplementary light induces a definite photosynthetic activity attributable to this "far red" light (9, 10) : the rate of photosynthesis in orange + far red light is found to be markedly greater than in orange light alone. The occurrence of this effect (5, 6) indicates that phycobilinfiltered light does produce some excitation of chlorophyll a. As a matter of fact, PB-95-ffltered light contains wavelengths down to about 660 mp (9, 10) , while chlorophyll a in vivo absorbs up to 720 m,. According to Emerson and co-workers (1, 5, 6) , these algae, when exposed to monochromatic light (bands isolated by a grating monochromator, band half-width about 10 mu), do in fact produce measurable photosynthesis up to 700 mp.
To resolve this apparent discrepancy, it was suggested that the "extreme red" radiation,2 which is present in the PB-95-filtered light, may be able to inhibit photo-synthesis caused by shorter-wave light. To check this assumption, we investigated the effect of monochromatic "extreme red" light on photosynthesis produced by "far red" light. ME THODS Algae were cultivated as described in earlier papers from this laboratory (for a summary, see Govindjee et al. (7)) and photosynthesis was measured with Emerson's differential manometer (4) .
Two light beams were projected onto the bottom of the manometric vessel. The far red beam, isolated from the light of an incandescent lamp by an interference filter (Farrand filter with maximum transmission at 700 mu), served to produce photosynthesis. The extreme red beam consisted of monochromatic bands (band half-width, about 10 m,u) emerging from the Emerson and Lewis grating monochromator. Light energy was measured with a bolometer, as described by Emerson and Chalmers (4) .
The results in Tables I and II were reduced to equal numbers of absorbed quanta by means of absorption measurement with an integrating spectrophotometer built and operated by C. Cederstrand.
RESULTS
A. Preliminary Experiments. To make sure that the apparent discrepancy described in the introduction, was not due to differences in the algal material used in the two sets of experiments, we made an experiment in which the same cell suspension was irradiated alternatively with a 10-mA wide band of 680-m1u light, and with light transmitted through the PB-95 ifiter. The results, adjusted to equal numbers of quanta absorbed from both beams, are given in Table I . Table I shows that, in one and the same cell suspension, 680-m,u light produces substantial photosynthesis while absorption of the same amount of light filtered through the PB-95 filter, is unable to do so.
With this point established, we proceeded to check the hypothesis attributing 10) , in which light trans-mitted through either a solution of phycocyanin (without phycoerythrin) or a solution of phycoerythrin (without phycocyanin) was found to produce measurable photosynthesis in Porphyridium, even though about the same amount of extreme red radiation was transmitted through these filters as through the ifiter PB-95 behind which no measurable photosynthesis could be observed. This difference, left unexplained in (10), can be now explained by assuming that the much larger amount of shorter-wave light (< 650 mg), transmitted by the filters containing only one phycobilin, counteracts the inhibitory effect of the extreme red light transmitted by all three filters.
A few preliminary experiments that we have done in which photosynthesis was produced by red light < 680 mpz suggested a decline in the inhibitory effect. Measurements of the inhibitory effect of 750 mz, light as function of the wavelength of the photosynthesis-producing light are needed to decide whether this inhibition is restricted to the region of the "red drop" (above 680 mjL in green, blue-green, and brown algae, above 650 mju in red algae) or is a more general phenomenon, and to check the hypothesis of "counter inhibition" by short-wave visible light.
In our preliminary note (8) we stated that no absorption band could be observed in the investigated algae in the region of 750 m1u, where the action spectrum of the inhibition effect has its maximum.
Experiments we have made since, on highiy concentrated suspensions of Chlorella, Porphyridium, and Anacystis, suggested the existence of absorption bands in the region 720 to 780 m,u; but their exact position and intensity varied widely, and it seems as yet premature to discuss their possible relation to the inhibition effect. However, the position of the peaks in the difference spectrum and their intensity varied too much to warrant speculations on the existence of a similar "phototropic" pigment in the investigated algae without further systematic study. The inhibitory effect of extreme red light on photosynthesis suggests that this light creates some kind of an "energy sink." A "physical" energy sink might be created by chlorophyll being converted to an inactive form, with a lower excited energy level; or by a pigment other than chlorophyll being converted to a form suitable for trapping the excitation energy. A "chemical" energy sink might be due to deactivation, by extreme red light, of some enzyme or another catalytic component involved in photosynthesis; or to activation of an agent catalyzing some back or side reactions. Perhaps, crystalline chlorophyll, which has an absorption band around 740 m/A, is present in these algae in minute quantities, and provides the "energy sink" responsible for inhibition.
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